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Abstract 

We fabricated Si:SiCh films and assessed its optical characteristics using photoluminescence spectroscopy. Sputtering was our 
method of fabricating thin film including silicon fine particles. Argon gas was used as an electrical discharge gas for the 
sputtering, pressure of the gas was 0.5 Pa and 0.9 Pa. Silicon (Si) and silicon dioxide (SiCh) were put on a sputtering target. 
Composition ratio of the Si for the target was during 0.04 and 0.16. Growth rate of thin film was 0.18 nm/s at 0.5 Pa and 0.10 
nm/s at 0.9 Pa, which didn't depend on the composition ratio. For the photoluminescence spectra of the Si:SiC >2 films fabricated, 
emission intensity was higher in the shorter than 450 nm region. And such intensity for 0.9 Pa was higher than it for 0.5 Pa, was 
higher at low composition ratio. A rising at 420 nm for 0.5 Pa spectra, was discussed in a view of quantum confinement effect. 
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Introduction 

By the spread of the internet and the change of the lifestyle, high function and many functionalization advances, 
mobile devices including a cell-phone are remarkably developing. The higher performance of the mobile devices is 
furthermore required. Among the performance, a display equipped with the device demands a big screen, high 
accuracy, thin and narrow frame, etc. In recent years, it has also succeeded in generation of nanosize silicon crystal 
which is full color and emits light in an ultraviolet range, and near-ultraviolet and luminescence in the purple [1]. 
And three primary colors of light are also checked from spectroscope measurement of the nanosize silicon crystal. 
Silicon materials, such as Amorphous-Si, Poly-Si, porous-Si and Si-fine particles are also expected as new element 
of display [2, 3]. 

In order to use the silicon materials for display, source and mechanism of luminous emission need to be solved. It 
is thought quantum confinement effects, localized states at the surface of nanosaize particles, and silicon-based 
luminous compounds such as siloxene and polysilane, etc. [3] as the emitting source. Since the emission was 
observed from the Si-fine particles using photoluminescence (PL) spectroscopy, lots of studies have been carried 
out [4, 5]. In order to improve photoluminescence intensity, doping of Er etc. has also been reported [6]. However 
the mechanism of the PL is still under debate [7]. We fabricated Si:SiCh films containing nanosized Si particles in 
uniform as fine particles by a radio frequency (rf) sputter device and analyzed optical characteristics by the PL 
spectroscopy. The relation between pressure of the argon (Ar) gas and composition ratio in the sputtering and the 
intensity of the photoluminescence were summarized in this paper. 

Methods 

The SbSiCL nanosize films were fabricated by the rf sputter device. When these films were excited by irradiating of 
a He-Cd laser beam, the PL emission spectra from the SLSiCh films were measured with a polychromator from 350 
nm to 650 nm at room temperature. 

Fabrication Methods 

The SbSiCb nanosize films were fabricated using the co-sputtering method of Si and SiCh [8]. Six Si tablets (15 mm 
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square) were placed on a SiCh plate (diameter 108 mm) as a target in the chamber of the rf sputter device. The 
composition ratio of Si to SiCh gradually changed from 0.04 to 0.16. The rf sputtering was started after the chamber 
was evacuated below 5.0x10 4 Pa as base pressure. As the sputtering conditions, the pressure of the Ar gas was set 
at 0.5 Pa or 0.9 Pa, and the rf power was fixed on 100 W. In this chamber, ionized Ar gas was made to collide with 
the target, the Si and SiCh were sputtered. When the Si:SiCh films were fabricated, it is thought that Si-fine particles 
surrounded by SiCh were accumulated on the Si substrate. Film thickness was supervised with a thickness meter of 
crystal oscillator during fabrication so that it was set to 600 nm. 

Measurements Method 

To investigate the light emission from the Si:SiCh films the PL was measured with a polychromator from 350 nm to 
650 nm at room temperature [9]. When the films were excited by vertical irradiation of a He-Cd laser beam, 
wavelength 325 nm, (Kimmon, IK3251R-F) the PL was emitted. It was detected by a sensor probe of this 
polychrometer, which has CCD linear image sensor as photosensitive device. Number of channels in this image- 
sensor is 1024. In order to prevent the laser beam going into the sensor probe, the incidence angle was enlarged. 
Moreover, photoluminescence spectra were measured and these intensity was compared about the various 
conditions of fabrication. . 

Results 

After the fabrication, the thickness of the SirSiCh films was measured by a surface-texture measuring instrument. 
The PL was emitted as the result of the irradiating by the He-Cd laser. Spectra of the PL were measured by the 
polyclometer. 

Film thickness 

The SLSiCh films were fabricated under various conditions on the gas pressure and the composition ratio using the 
sputter device. Thickness of the films were about 600 nm by the surface-texture measuring instrument. As the film 
thickness and sputtering deposition time are considered, growth rate is calculated. This sputtering deposition time 
is about 100 minutes for 0.9 Pa of the Ar gas pressure and about 60 minutes for 0.5 Pa. The growth rates are 
compared at 0.5 Pa and 0.9 Pa, as shown in Fig. 1. This rate is 0.10 nm/s for the rate 0.04, 0.07 and 0.16, and 0.11 for 
the rate 0.10 and 0.12 for 0.9 Pa. These values are almost constant and does not depend on the composition ratio 
between 0.04 and 0.16. For 0.5 Pa, growth rate is 0.18 nm/s at 0.04, 0.17 nm/s at 0.07 and 0.19 nm/s at 0.16. Average 
of these growth rate is about 0.18 nm/s between 0.04 and 0.10. Since the growth rate does not change much even if 
the composition ratio of Si is changed, it is guessed that the mass of the Si or SiCh particles splattered by this 
sputtering is almost the same. Under the same pressure, because the kinetic energy of the Ar cations and the 
impact on the target is depending on the rf sputtering power, the mass of the splattered particles might be the same. 
As compared about the deposition time, it of the 0.5 Pa is 1.8 times faster than it of the 0.9 Pa. When the Ar gas 
pressure is higher the film is fabricated inefficiently. In this case, Ar pressure and growth rate are a inverse relation. 
It might be that particles of Si and SiCh generated by the collision of Ar cations in the gas are barred by other Ar 
cations and these do not reach the Si substrate. Shorter free path at 0.9 Pa might be a cause of the low growth rate. 
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FIG. 1 GROWTH RATE DEPENDED ON COMPOSITION RATIO 
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Ph o to luminescence 

PL spectra of the Si:SiCh films fabricated at 0.9 Pa were measured by the polychrometer. As the composition ratio 
of Si to the target varied from 0.04 to 0.16, five PL spectra are shown as a function of wavelength between 350 nm 
and 650 nm in Fig. 2. The bluish color emission was seen by the naked eye at room temperature. The emission 
intensity becomes more higher in ultraviolet region. As the wavelength was longer from 350 nm, it rapidly 
decreases. The peak is not observed on these spectra. 

The PL is emitted strongly at low composition ratio of Si. As the composition ratio increases, the emission 
decreases. At 350 nm the emission intensity of ratio 0.07 is 1/2 times against it of 0.04. In the same way, it is 1/3 
times for 0.10, and is about 1/5 times for 0.12 and 0.16. Emission can be hardly seen with naked eyes for the 0.16. 
Trend of these spectra does not change in 400 nm and 450 nm. In the region longer than 500 nm, the intensity is 
very weak and it does not distinguish each other. 
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FIG. 2 PHOTOLUMINESCENCE OF THE Si:SiCh FILMS 

If this PL emission is due to nanometer-sized quantum effect, it can be imaged that the Si-fine particles are 
surround with the SiCh and are isolated with each other [10, 11]. If it is assumed that the emission peak is present 
in the shorter than 350nm region, the diameter of these fine particles is calculated to be less than 5 nm using this 
quantum effect [12]. If the composition ratio of Si increases, the amount of SiCh relatively decreases. The reason for 
the phenomenon of the decreasing of emission intensity with Si composition ratio might be that the quantum 
confine effect does not work well with the decreasing of the SiCh. 



FIG. 3 PHOTOLUMINESCENCE OF THE Si:Si0 2 FILMS 

PL spectra of the Si:SiCh films fabricated at 0.5 Pa of Ar gas are shown between 350 nm and 650 nm in Fig. 3. There 
are three spectra corresponding to different composition ratio. These emission also were seen in bluish color at 
room temperature. The emission intensity is higher in the short wavelength region. As the wavelength becomes 
longer, the intensity steeply weakened from 350 nm to 450 nm. But it is not changed over 450 nm. The peak is not 
observed, but a rising is seen at 420 nm (3.0 eV) for three spectra. Wavelength of the rising is constant even if the 
composition ratio is changed. If the quantum effect is a cause of the rising, the diameter is calculated about 6 nm. 
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This PL is emitted strongly at low composition ratio of Si. As this ratio increases the emission decreases. At 350 nm, 
intensity of the PL for this ratio 0.04 is 2.5 times it of 0.07, 3.5 times it of 0.10. Changes due to the composition ratio 
are similar to 0.9 Pa. 

For comparison of differences of the Ar gas pressure, two spectra that have lowest composition ratio, 0.04, are 
compared in Fig. 4. Both spectra have high intensity at 450nm or less. Emission intensity of the filmes fabricated at 
0.5 Pa is higher than that of the 0.9 Pa less than 400 nm. But between 400 nm and 450 nm, that of the 0.5 Pa is higher 
than one of the 0.9 Pa and the rising is seen at 420 nm. If this rising is recognized as a peak, full width of half 
maximum is 0.22 eV. These become about the same intensity at 450nm. Both spectra become flat at the region 
where the wavelength is longer than 450 nm, and that of the 0.5 Pa becomes high again. 



At 0.9 Pa of the Ar pressure, it is considered that a peak might be at a wavelength shorter than 350 nm and that the 
size of the fine particles is smaller. Also, assuming that a region around 400 nm spectrum is a base of a large and 
wide peak, the size might have variety. Based on amplitude relation of the above two spectra, emission wavelength 
of the film fabricated at 0.5 Pa is likely longer than those at 0.9 Pa. The rf power is the same as 100 W about both Ar 
pressure. Because Ar cation has longer mean free path at 0.5 Pa and can collide with the target with greater kinetic 
energy, mass and diameter of sputtered Si or SiCb particles might be large. This is consistent with the faster growth 
rate in 0.5 Pa. 


Since the three spectra for 0.5 Pa have the rising, emission intensities at 420 nm about the PL of the all films 
fabricated at 0.5 Pa and 0.9 Pa are plotted as a function of the composition ratio in Fig. 5. Intensity for 0.5 Pa is 
higher than that of 0.9 Pa. The emission intensity of lowest composition ratio, 0.04, is higher than those of other 
large composition, which is 1.5 times it of 0.07 and three times it of 0.10. When the composition ratio increases, the 
emission intensity decreases. Even if the gas pressure changes, the tendency doesn't change. About the 0.9 Pa 
spectra, the intensity of 0.04 is 1.5 times it of 0.07, three times it of 0.10, four times it of 0.12 and four times it of 0.16. 
The intensity didn't change so much between 0.12 and 0.16. The intensity difference between 0.5 Pa and 0.9 Pa at 
0.04 is large, the difference in 0.10 is reduced. However, intensity ratio of 0.5 Pa to 0.9 Pa doesn't change so much in 
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FIG. 5 INTENSITY OF PHOTOLUMINESCENCE AT 420 nm 
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About the films fabricated at 0.5 Pa and 0.9 Pa, all emission intensities on 350 nm are plotted as a function of the 
composition ratio in Fig. 6. The emission intensity of 0.04 which is the lowest composition ratio is higher than other 
large compositions. As opposed to 420 nm, emission intensity of the 0.9 Pa spectra is higher than that of the 0.5 Pa 
spectra. About the 0.9 Pa spectra, intensity of 0.04 is at least 2 times it of 0.07, three times it of 0.10, eight times it of 
0.12 and eight times it of 0.16. The intensity didn't change so much between 0.12 and 0.16. Even if the Ar pressure 
changes, the tendency doesn't change. About 0.5 Pa, intensity of 0.04 is 2.5 times it of 0.07, 3.5 times it of 0.10. The 
intensity difference between 0.5 Pa and 0.9 Pa at 0.04 is large, the difference in 0.10 is reduced. However, intensity 
ratio of 0.5 Pa to 0.9 Pa does not change much at about 5.2 times. 
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FIG. 6 INTENSITY OF PHOTOLUMINESCENCE AT 350 nm 

The emission intensity of the film fabricated in the 0.9 Pa is higher than that in the 0.5 Pa. When the thickness and 
the composition ratio of these films are equal, if the diameter of the fine particles in the film is different, it is 
considered that number of Si-fine particles of 0.9 Pa is large. This large number might have caused the emission 
intensity. If it has an assumption that Si-fine particles are formed, for which quantum confined effect occurs in the 
thin film, these phenomena are well explained. 

Conclusion 

We have fabricated the Si:SiCh thin films by varying the composition ratios of Si 0.04 to 0.16 at the Ar gas pressure 
of 0.9 Pa and 0.5 Pa, using the co-sputtering method. The growth rates of the film setting to 600 nm were 0.10 m/s 
for 0.9 Pa and 0.18 m/s for 0.5 Pa. The emission intensity of the photoluminescence spectra was higher in 450 nm or 
less, was higher at the low composition ratio. And this intensity for 0.9 Pa was higher than that for 0.5 Pa. The 
rising was seen at 420 nm for 0.5 Pa spectra. If it had an assumption that the quantum confined effect occurs in 
these thin films, these phenomena were well explained. The size of the Si-fine particles that was calculated by this 
effects was less than 6 nm. 
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